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® Pressure incubator. 



© A pressure incubator comprising a control sys- 
tem for supplying oxygen to the culture vessel in the 
space above the medium therein to hold the interior 
of the vessel pressurized with oxygen and give an 
increased oxygen partial pressure, which incubator is 
useful for incubating cells or aerobic microorganisms 
in vitro to a high density. 
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PRESSURE INCUBATOR 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present Invention relates to a pressure 
incubator, and more particularly to a pressure In- 
cubator for incubating cells or aerobic microorgan- 
isms in vitro to a high density. 



2. Description of the Prior Art 

In order to incubate cells or aerobic microor- 
ganisms in vitro to a high density, it is required to 
supply a sufficient amount of oxygen to the me- 
dium in a culture vessel and to fully replace the 
medium for removing the waste matter produced in 
the medium and for replenishing the medium with 
nutrients. To meet the former requirement, an ap- 
paratus is known for incubating cells at atmospher- 
ic pressure in the presence of hemoglobin, 
fluorocarbon or the like which is capable of dissolv- 
ing oxygen in 20 times the amount soluble in water 
as an 0 2 carrier (Yukio Sugino, "Cell Incubation 
Techniques," Kohdansha, 1985, p. 133). Also 
known is an apparatus which comprises a tube for 
introducing oxygen gas into the space above the 
culture medium or into the medium within a culture 
vessel to bring the gas into contact with the me- 
dium or bubble the gas through the medium at 
atmospheric pressure. To meet the latter require- 
ment, the cells must be separated from the culture 
by directly filtering the cell-containing medium or 
by using a cell sedimentation tube utilizing the fact 
that the cells are greater than the medium in spe- 
cific gravity (the same publication as above, p. 
148). 

However, when an additional substance is in- 
corporated into the medium, there arises a need to 
resort to a cumbersome procedure for collecting 
the product from the medium and isolating the 
product in a purified form, while the result achieved 
by the supply of oxygen gas into the space above 
the medium is dependent on the speed of agitation 
of the medium. The introduction of oxygen gas into 
the medium is efficient but bubbles up the medium 
to destroy the cells. Thus, the above apparatus or 
methods have different problems. 

On the other hand, the direct filtration of the 
culture for separating the cells from the medium 
rapidly clogs up the filter, which is therefore not 
usable for a prolonged period of time, while the cell 
sedimentation tube must be used at a uniform 
ambient temperature. Otherwise, convection will 



occur, making it impossible to separate the cells 
from the medium. Further because the quantity of 
medium that can be separated off is limited by the 
settling rate of cells, high-density incubation en- 

5 counters the problem that the medium can not be 
changed as frequently as is desired. 

A first object of the present invention, which 
has been accomplished in view of the foregoing 
situation, is to provide a pressure incubator wherein 

70 oxygen gas can be supplied to the culture effi- 
ciently using no additive and without destroying 
cells. A second object, of the invention is to pro- 
vide a pressure incubator which is so adapted that 
the medium in a culture vessel can be fully re- 

75 placed. 



SUMMARY OF THE INVENTION 

20 Accordingly, the present invention provides a 
pressure incubator which comprises a closable cul- 
ture vessel for containing a medium for incubating 
cells or aerobic microorganisms, an oxygen supply 
channel communicating with an upper space within 

25 the culture vessel for supplying oxygen from an 
oxygen source to the culture vessel via a flow 
regulator, an exhaust channel similarly communi- 
cating with the interior of the culture vessel for di- 
scharging a gas from the culture vessel via an 

30 exhaust regulator, means for stirring the medium 
within the culture vessel, means for detecting the 
concentration of oxygen dissolved in the medium, 
and a control unit for maintaining the interior of the 
culture vessel in a state pressurized with oxygen 

35 by controlling the regulators in accordance with the 
detection output of the detecting means. 

The invention further provides a pressure in- 
cubator of the type stated above which further 
comprises medium supply means for replenishing 

40 the culture vessel with a fresh medium, a culture 
recycling channel, and culture filtration means pro- 
vided at an intermediate portion of the recycling 
channel and comprising a filter tube permitting 
passage of the dissolved components of the me- 

45 dium but not permitting passage of cells or the like. 
The incubator of the invention is characterized 
in that it comprises a control system for supplying 
oxygen to the culture vessel in the space above 
the medium therein to hold the interior of the 

so vessel pressurized with oxygen and give an in- 
creased oxygen partial pressure, whereby oxygen 
is forcibly dissolved in the medium to increase the 
dissolved oxygen concentration of the medium 
without aerating the medium or without adding to 
the medium any substance for the supply of oxy- 
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gen, the control system being operable to supply 
" oxygen to the culture vessel in accordance with a 
reduction in the dissolved oxygen concentration of 
the medium to hold the medium pressurized with 
oxygen thereby maintain the concentration within a 
* specified range. 

The incubator of the invention is further char- 
acterized by medium replacing means comprising 
a channel for recycling the culture through the 
pressure culture vessel while releasing the solutes 
of the medium from the recycling channel, and 
means for replenishing the vessel with a fresh 
medium, whereby the medium within the vessel 
can be replaced efficiently. 

According to the present invention, oxygen is 
forcibly dissolved in the medium under pressure 
for the medium to retain at least a specified dis- 
solved oxygen concentration at all times, so that 
cells or aerobic microorganisms can be incubated 
to a higher density than heretofore possible. Con- 
sequently, an increased quantity of cell product 
can be collected from a small amount of culture. 
Further because there is no need to add to the 
medium any substance for the supply of oxygen, 
the cell product can be collected, separated off and 
purified with ease. The incubator further permits 
repeated replacement of the medium over a pro- 
longed period of time efficiently, consequently as- 
suring high-density incubation over a long period of 
time. The incubabor is usable also as a bioreactor. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the construction 
of a pressure incubator embodying the invention; 

Fig. 2 is a diagram showing the construction 
of another pressure incubator embodying the in- 
vention; and 

Fig. 3 is a graph showing the relation be- 
tween the incubation time and the cell density, as 
determined by incubating human lymphatic cells in 
the apparatus of Fig. 2. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The apparatus of the present invention is 
adapted to incubate cells or aerobic microorgan- 
isms (hereinafter referred to as "cells") to a high 
density. 

The cells to be incubated by the apparatus of 
the invention are basically any animal cells, suit- 
ably cells derived from mammals, for example, 
mouse hybridoma, human lymphatic cells NAT-30. 
etc. However, cells of fishes and insects which are 
to be incubated at low temperatures (up to 30° C) 



are not suitable. Although not limitative, examples 
of microorganisms that can be incubated by the 
present apparatus are staphylococci, streptococci, 
pneumococci, gonococci, meningococci, 
5 Pseudomonas aeruginosa , Pseudomonas mallei , 
Bordetella pertussis , the genus Brucella , Fran- 
cisella tularensis , Legionella pneumophila . E. coli, 
the genus Salmonella , the genus Shigella , Vibrio 
cholerae , Vibrio parahaemolyticus , lactobacilli, Ba^ 

io cillus bifidus , Corynebacterium diphtheriae , 
mycoplasmas, fungi, etc. 

The culture vessel for use in the incubator of 
the invention preferably comprises a medium con- 
tainer and a closure removably attached to the 

75 container for closing the container. It is therefore 
desirable that the specified members and channel 
members to be attached to the culture vessel be 
provided on the closure. In this case, the specified 
members and channel members are so attached to 

20 the closure that the closure can be held closed 
hermetically. 

The oxygen supply channel for use in the 
incubator of the invention is provided in commu- 
nication with a space within the culture vessel and 

25 communicates with an oxygen source via a flow 
regulator. A high-pressure oxygen cylinder, or 
when desired, a compressor or the like is used as 
the oxygen source so as to hold the interior of the 
culture vessel pressurized with the oxygen sup- 

30 plied. The flow regulator is adapted to close the 
channel or to adjust the rate of flow of oxygen gas 
through the channel. For example, an electromeg- 
netic valve, needle valve or the like is used as the 
regulator. The oxygen supply channel may be pro- 

35 vided with an antiseptic filter or the like. 

The exhaust channel for use in the present 
incubator is provided in communication with the 
space within the culture vessel. The exhaust chan- 
nel is equipped with an exhuast regulator for clos- 

40 ing the channel or adjusting the amount of gas to 
be discharged therethrough. For example, an elec- 
tromagnetic valve, needle valve or the like is used 
as the regulator. The exhaust channel may be 
made to merely extend into a drain. 

45 The stirring means for use in the present in- 
cubator can be any means insofar as it is capable 
of giving a uniform dissolved oxygen concentration 
to the medium or culture. To assure agitation with- 
out destroying cells while permitting the culture 

so vessel to retain a constant internal pressure, it is 
desirable to use a magnetic stirrer or mechanical 
means having stirring blades or the like. 

The means for use in the present incubabor for 
detecting the concentration of dissolved oxygen is 

55 preferably a dissolved oxygen electrode (DO sen- 
sor). This means is connected to the control unit to 
be described below. 
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The control unit has a memory for storing a 
predetermined dissolved oxygen concentration and 
a comparator for comparing the stored value with 
the concentration value detected by the detecting 
means and is adapted to operate the flow regulator 
on the oxygen supply channel, the exhaust regula- 
tor on the exhaust channel and the oxygen source 
based on an output signal from the comparator. 
The predetermined concentration value to be 
stored in the memory is preferably about 5 ppm 
although slightly variable with the oxygen demand 
of the cell to be incubated. When the concentration 
measurement is found smaller than the stored val- 
ue by the comparator, the control unit closes the 
flow regulator and the exhaust' regulator in re- 
sponse to the signal from the comparator and 
thereafter actuates the oxygen source. When a 
compressor is used as the oxygen source, the 
compressor is operated in response to the signal 
from the comparator. Consequently, the interior of 
the culture vessel is pressurized with oxygen. Pref- 
erably, this pressure is about 0.3 to about 0.7 
kg/cm 2 in corresponding relation to the stored con- 
centration value. 

The culture vessel of the present incubator 
may be provided with a culture recycling channel 
having filtration means, and medium supply means. 
The recycling channel and the medium supply 
means constitute medium replacing means. The 
filtration means provided in the recycling channel 
primarily comprises a filter tube permitting passage 
of the dissolved components of the medium there- 
through but not permitting passage of cells. Stated 
more specifically, the filtration means preferably 
comprises a so-called cross-flow filter having a 
filtration surface disposed coaxially with the re- 
cycling channel and capable of releasing the per- 
meable components from the recycling channel 
outside while the culture is recycled through the 
channel. Preferably, the filtration means is provided 
removably in the recycling channel. Further prefer- 
ably, the filter tube is made of a ceramic material. 

The recycling channel has liquid transport 
means which is preferably a peristaltic pump or the 
like. 

The medium supply means comprises a me- 
dium container, and a medium transport channel 
extending from the container to the culture vessel 
via a liquid transport means which is preferably a 
peristaltic pump or the like. While the medium 
supply means is operated when the amount of 
medium in the culture vessel decreases to less 
than a specified quantity, it is preferable to auto- 
matically control the operation. For this purpose, an 
automatic control system is desirable for operating 
the liquid transport means in accordance with the 
variation of the liquid level of the medium or culture 
in the culture vessel. For example, such a system 



comprises a liquid level sensor disposed in the 
culture vessel for controllably driving or stopping 
the liquid transport means in response to the out- 
put signal from the sensor. 
5 When required, the incubator of the present 

invention may further include a carbon dioxide sup- 
ply channel and an air introduction channel for the 
culture vessel. The supply of carbon dioxide is 
needed for inhibiting the variation of the pH of the 

10 culture toward basicity, while the introduction of air 
is necessary to decrease the oxygen concentration 
of the culture within the vessel when an excess of 
oxygen supplied is detrimental to the cells. The 
carbon dioxide supply channel and the air introduc- 

T5 tion channel are each provided with a regulator and 
may be provided independently or as joined to the 
oxygen supply channel. 

The culture vessel of the invention may be 
provided with usual means for measuring the pH of 

20 the culture and means for controlling the tempera- 
ture of the same. 

According to the present invention, the interior 
of the culture vessel can be held pressurized with 
oxygen to cause oxygen gas to be forcibly dis- 

25 solved in the medium or culture and to give the 
culture at least a specified dissolved oxygen con- 
centration at all times, so that cells or aerobic 
microorganisms can be incubated to a high den- 
sity. With the culture circulated through the re- 

30 cycling channel equipped with filtration means, the 
solutes in the culture are released from the re- 
cycling channel outside thereof, while the cells 
remaining in the channel on separation are re- 
turned to the culture vessel by the flow through the 

35 recycling channel. The culture vessel which is re- 
plenished with a fresh medium by the medium 
supply means retains a specified amount of me- 
dium therein. 

The invention will be described in detail with 

40 reference to the following embodiments, which nev- 
ertheless in no way limit the invention. 



Embodiment 1 

45 

Fig. 1 is a diagram showing a pressure incuba- 
tor embodying the invention. Referring to this dia- 
gram, the incubator 1 comprises a culture vessel 2, 
sirrer 3, DO sensor 4, control unit 5, oxygen supply 
so channel a and exhaust channel b. 

The culture vessel 2 has closable medium inlet 
and outlet (not shown) and is equipped with the 
stirrer 3. The stirrer stirs the medium to render the 
medium uniform in dissolved oxygen concentration. 

55 
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The oxygen supply channel a extends from an 
oxygen cylinder 6 to the culture vessel 2 via an 
electro magnetic valve 7, flow meter 8, antiseptic 
filter 9 and scrubbing bottle 10 in the order men- 
tioned. The exhaust channel b is in communication 
with the vessel 2 by way of an electromagnetic 
valve 1 2 and antiseptic filter 1 1 . 

The control unit 5 has a memory 51 and a 
concentration comparator 52. The memory 51 
stores a predetermined dissolved oxygen concen- 
tration, while the comparator 52 is connected to the 
DO sensor 4 and compares the dissolved oxygen 
concentration measured by the DO sensor with the 
stored concentration. In accordance with the signal 
from the comparator 52, the control unit 5 opens or 
closes the valve 7 on the channel a or the valve 12 
on the channel b 

The incubator operates in the following man- 
ner. 

First, the dissolved oxygen concentration at 
which the medium is to be set is stored in the 
memory of the control unit. On the other hand, a 
medium containing cells or aerobic microorganisms 
is placed into the culture vessel and stirred. In this 
state, the electromagentic valves on the oxygen 
supply channel and the exhaust channel are both 
opened to pass oxygen through the space In the 
vessel in contact with the medium. The valves are 
then closed to initiate incubation in this state. Dur- 
ing incubation, the dissolved oxygen concen tration 
measured by the DO sensor placed in the medium 
is compared with the stored predetermined con- 
centration value by the comparator of the control 
unit. As the incubation proceeds in this state, the 
oxygen dissolved in the medium is consumed by 
the cells or aerobic microorganisms. Consequently, 
the concentration measurement by the DO sensor 
drops below the stored value, whereupon the elec- 
tromagnetic values on the oxygen supply channel 
and the exhaust channel are opened, permitting the 
oxygen cylinder to supply oxygen onto the surface 
of the culture. As the incubation is further contin- 
ued in this state, the density of cells or aerobic 
micororganisms increases, consuming the dis- 
solved oxygen at a higher rate, with the result that 
it becomes no longer possible to maintain the 
stored concentration value merely by supplying 
oxygen onto the surface of the culture in the above 
manner. In this state, the dissolved oxygen con- 
centration of the culture measured by the DO sen- 
sor is below the stored value. The control unit then 
operates to close only the valve on the exhaust 
channel to pressurize the interior of the culture 
vessel with the supplied oxygen, forcibly dissolving 
oxygen in the culture to give an increased dis- 
solved oxygen concentration. The cells or microor- 
ganisms are further incubated to a higher density. 



Embodiment 2 

Fig. 2 is a diagram showing another pressure 
incubator 20 embodying the invention. With refer- 

5 ence to the diagram, the incubator 20 primarily 
comprises a culture vessel 21, stirring means 22. 
oxygen supply means 23, exhaust means 24, me- 
dium supply means 25, culture filtration means 26 
and control unit 27. 

io The culture vessel 21 comprises a medium 
container and a closure for removably closing the 
container. The closure is provided, in specified 
positions, with a DO sensor 30, pH electrode 31, 
liquid level sensor 32 and channel members for 

rs providing the channels to be described below. The 
culture vessel is further provided with an unillustrat- 
ed temperature controller for maintaining the me- 
dium at a constant level. 

A magnetic stirrer is used as the stirring means 

20 22 and has a rotor 33. The medium is stirred by 
the stirring means 22 and thereby made uniform in 
dissolved oxygen concentration. 

The oxygen supply means 23 comprises an 
oxygen supply channel a1 extending from an unil- 

25 lustrated oxygen cylinder to the closure of the 
culture vessel 21 via an electromagnetic valve 41 
% and then via an antiseptic filter 42. The channel al 
is in communication with an upper space within the 
culture vessel. This channel may be provided with 

30 a scrubbing bottle between the valve 41 and the 
filter 42. The flow rate of oxygen is adjusted by a 
flow meter attached to the cylinder. 

The exhaust means 24 comprises an exhaust 
channel b1 in communication with the upper space 

35 in the culture vessel 21 through the closure and 
extending to an unillustrated exhaust outlet via an 
antiseptic filter 53 and then via an electromagnetic 
valve 54. 

The medium supply means 25 comprises a 
40 medium container 61 containing a fresh medium, 
and a medium supply channel c communicating 
with the container 61 in the vicinity of its bottom, 
extending therefrom to the culture vessel 21 via 
peristaltic pump 62 and communicating with the 
45 interior upper space of the culture vessel through 
its closure. 

The culture filtration means 26 comprises a 
culture recycling channel d communicating with the 
interior of the culture vessel 21 in the vicinity of its 

so bottom through the closure, extending therefrom 
via a peristaltic pump 71 and then via a filter unit 
72 to the vessel 21 again and communicating with 
the interior upper space thereof through the clo- 
sure. A cross-flow filter is used as the filter unit 72. 

55 More specifically, a filter tube having a tubular 
filtration surface is inserted in the recycling channel 
d, whereby the filtra tion surace is positioned co- 
axially with the channel. A tubular outer container is 
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' provided around the filter tube for accommodating 
. the filtrate. The filter tube is provided replaceably. 
A filtrate discharge channel e extends from the 
filter unit 72 to a medium collection tank 74 via a 
peristaltic pump 73. 

Indicated at f is a carbon dioxide supply chan- 
nel extending from a carbon dioxide cylinder to the 
oxygen supply channel a1 via an electromagnetic 
valve 81, and at g an air/N 2 introduction channel 
extending from an air/N2 cylinder to the channel a1 
via an electromagnetic valve 91 . 

The control unit 27 is electrically connected to 
the DO sensor 30, pH electrode 31, liquid level 
sensor 32, electromagnetic valves 41, 52, 81, 91 
and peristaltic pumps 62, 71, 73 for controlling the 
operation of these valves and pumps. The control 
unit 27 primarily comprises a system for controlling 
the dissolved oxygen concentration of the culture 
and a system for controlling the replacement of the 
medium. The dissolved oxygen concentration con- 
trol system has a memory for storing a predeter- 
mined value of dissolved oxygen concentration, 
and a concentration comparator for comparing the 
dissolved oxygen concentration measured by the 
DO sensor with the stored value. In accordance 
with a signal from the comparator, the system 
opens or closes the valve 41 on the oxygen supply 
channel a1 and the valve 52 on the exhaust chan- 
nel b1. The medium replacement control system is 
adapted to operate the peristaltic pump 62 of the 
medium supply means for a specified period of 
time in response to a signal from the liquid level 
sensor 32. 

Next, the operation of the incubator will be 
described. 

First, the dissolved oxygen concentration at 
which the medium is to be set is stored in the 
memory of the control unit. On the other hand, a 
medium containing cells or aerobic microorganisms 
is placed into the culture vessel and stirred. In this 
state, the electromagnetic valves on the oxygen 
supply channel and the exhaust channel are both 
opened to pass oxygen over the medium in contact 
therewith. The valves are then closed to initiate 
incubation in this state. During incubation, the dis- 
solved oxygen concentration measured by the DO 
sensor placed in the medium is compared with the 
stored predetermined concentration value by the 
comparator of the control unit As the incubation 
proceeds in this state, the oxygen dissolved in the 
medium is consumed by the cells or aerobic mi- 
croorganisms. Consequently, the concentration 
measure ment by the DO sensor drops below the 
stored value, whereupon the valves on the oxygen 
supply channel and the exhaust channel are 
opened, permitting the oxygen cylinder to supply 
oxygen onto the surface of the culture. As the 
incubation is further ' continued in this state, the 



density of cells or aerobic microorganisms in- 
creases, consuming the dissolved oxygen at a 
higher rate, with the result that it becomes no 
longer possible to maintain the stored concentra- 
5 tion value merely by supplying oxygen onto the 
culture surface in the above manner. In this state, 
the dissolved oxygen concentration of the culture 
measured by the DO sensor is below the stored 
value. The control unit then operates to close only 

70 the valve on the exhaust channel to pressurize the 
interior of the culture vessel with the supplied oxy- 
gen, forcibly dissolving oxygen in the culture to 
give an increased dissolved oxygen concentration. 
The cells or microorganisms are further incubated 

75 to a higher density. 

On the other hand, the peristaltic pump on the 
culture recycling channel is operated in response 
to an instruction from the control unit, whereby the 
culture in the culture vessel is circulated through 

20 the channel. During the circulation, waste matter 
dissolved in the medium and dissolved compo- 
nents of the medium permeate through the filter 
tube of the filter unit in the recycling channel and 
released outside from the channel. The incubated 

25 cells separated off and remaining in the channel 
• are returned to the culture vessel as entrained in 
the flow through the channel. The released solutes 
are transferred to the medium collection tank by 
the operation of the peristaltic pump on the filtrate 

30 discharge channel. The operation of the filter de- 
creases the quantity of the medium in the culture 
vessel, lowering the liquid level off the liquid level 
sensor, whereupon the sensor is brought out of 
conduction. This produces a liquid level detection 

35 signal, which is fed to the control unit. In accor- 
dance with the value of the output signal, the 
control unit operates the peristaltic pump of the 
medium supply means for a predetermined period 
of time, whereby a specified quantity of fresh me- 

40 dium is supplied to the culture vessel for higher- 
density incubation. 

Fig. 3 shows the result achieved by incubating 
human lymphatic cells NAT-30 using the incubator 
of Fig. 2 under the following conditions. 

45 Amount of medium: 500 ml. 

Medium: RDF medium supplemented with 
bovine serum albumin, insulin, transferrin, 
ethanolamine and sodium selenite. 

Incubation conditions: temperature 37° C, speed 

so of rotation of stirrer 60 r.p.m., DO concentration 5.0 
ppm, pH 7.2. 

Medium replacement rate: 1.0 liter/day. 
Filter tube: ceramic filter 10 urn in pore size, 10 
mm in outside diameter, 7 mm in inside diameter, 

55 200 mm in length. 
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The result shown in Fig. 3 reveals that high- 
density incubation can be carried out by the in- 
cubator of the invention over a prolonged period of 
time. 



Claims 

1. A pressure incubator comprising a closable 
culture vessel for containing a medium for incubat- 10 
ing cells or aerobic microorganisms, an oxygen 
supply channel for supplying oxygen from an oxy- 
gen source to the culture vessel via a flow regula- 
tor, an exhaust channel for discharging a gas from 

the culture vessel via an exhaust regulator, means 15 
for stirring the medium within the culture vessel, 
means for detecting the concentration of oxygen 
dissolved in the medium, and a control unit for 
maintaining the interior of the culture vessel in a 
state pressurized with oxygen by controlling the 20 
regulators in accordance with the detection signal 
of the detecting means, the oxygen supply channel 
being adapted to communicate with a space above 
the medium in the culture vessel so as not to 
substantially bubble the medium with the oxygen 25 
supplied therethrough, the exhaust channel being 
adapted to communicate with the space. 

2. A pressure incubator as defined in claim 1 
wherein the control unit comprises a memory for 
storing a predetermined concentration of dissolved 30 
oxygen and a comparator for comparing the stored 
concentration value with the concentration value 
measured by the detecting means and gives an 
operation instruction to the oxygen source, the flow 
regulator and the exhaust regulator so as to supply 35 
oxygen to the culture vessel when the measured 
concentration value is smaller than the stored con- 
centration value and to hold the interior of the 
vessel pressurized with oxygen until the dissolved 
oxygen concentration of the medium becomes 40 
equal to or higher than the stored concentration 
value. 

3. A pressure incubator as defined in claim 1 
wherein the culture vessel is provided with medium 
supply means for replenishing the vessel with a 45 
fresh medium and a culture recycling channel, the 
recycling channel being provided at an intermedi- 
ate portion thereof with culture filtration means 
comprising a filter tube permitting passage of the 
dissolved components of the medium therethrough 50 
but not permitting passage of cells or the like 
therethrough. 

4. A pressure incubator as defined in claim 1 
wherein the oxygen supply channel has joined 
thereto at least one of a carbon dioxide supply 55 
channel and an air introduction channel. 
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